INTRODUCTION
============

Oropharyngeal mucosal damage (mucositis) is a pathological condition seen during chemotherapy, causing discontinuation of treatment \[[@b1-ceo-2016-00262]\]. This event occurs as a result of epithelial cells damage during chemotherapy \[[@b2-ceo-2016-00262]\]. Mucositis begins with an inflammatory reaction, continues with ulcer formation, and results in infection in the aggravated state \[[@b3-ceo-2016-00262]\]. Excessive production of proinflammatory cytokines, such as interleukin-1β (IL-1β) and tumor necrosis factor-α (TNF-α) is considered responsible for the inflammatory phase of mucositis \[[@b4-ceo-2016-00262]\]. A previous study reported that IL-1β and TNF-α are induced in mucositis related to chemotherapy \[[@b5-ceo-2016-00262]\]. Furthermore, the amount of malondialdehyde (MDA), which is an oxidant parameter, has been found to be increased, and the level of total glutathione (tGSH), which is an endogenous antioxidant, has been found to be decreased in mucositis; it has been reported that this is associated with oxidative stress and inflammation \[[@b6-ceo-2016-00262],[@b7-ceo-2016-00262]\] of oropharyngeal mucositis. Moreover, tramadol, morphine, transdermal fentanyl, and buprenorphine are used \[[@b8-ceo-2016-00262]\]. However, although many studies have been conducted on the treatment of mucositis, an optimal approach is yet to be found. Therefore, oropharyngeal mucositis is considered as the most important complication resulting in the discontinuation of chemotherapy \[[@b9-ceo-2016-00262]\].

Methotrexate (MTX) is one of the most common causative agents in development of mucositis \[[@b10-ceo-2016-00262]\]. This is a folic acid antagonist antineoplastic drug used in the treatment of various cancer types. MTX is used at high doses for the treatment of malignancies \[[@b11-ceo-2016-00262]\]. However, high doses of MTX lead to the occurrence of severe adverse effects \[[@b12-ceo-2016-00262]\]. MTX and some antineoplastic drugs destruct the proliferating basal epithelial cells in the mucosal layer, thereby causing damage to the oral tissues \[[@b13-ceo-2016-00262]\]. Moreover, MTX has been reported to decrease the levels of tGSH and significantly increase the levels of MDA, IL-1β, and TNF-α in the mucosa \[[@b14-ceo-2016-00262],[@b15-ceo-2016-00262]\]. This information suggests that natural products featuring anti-inflammatory, antioxidant, antiulcer, and antimicrobial properties may be helpful in combatting the oropharyngeal toxicity of MTX.

*Hippophae rhamnoides* extract (HRE) from fruit, which we will test against oropharyngeal mucositis here, has been proven to be an antioxidant, antiulcerogenic, anti-inflammatory, antimicrobial, and proinflammatory cytokine antagonist \[[@b16-ceo-2016-00262]-[@b18-ceo-2016-00262]\]. The *H. rhamnoides* L. plant, which is a member of Elaeagnaceae family, contains carotenoids (α, β, γ), riboflavin, vitamin C, tocopherol, tocotrienol, folic acid, tannin, and fatty acids \[[@b17-ceo-2016-00262],[@b18-ceo-2016-00262]\]. No studies were found in the literature that evaluated the protective effect of HRE against oropharyngeal mucositis induced by MTX. Therefore, the objective of this study is to investigate and evaluate the effect of HRE on oropharyngeal mucositis induced in rats with MTX through biochemical, gene expression, and histopathological examinations.

MATERIALS AND METHODS
=====================

Animals
-------

Experimental animals were obtained from Ataturk University's Medical Experimental Application and Research Center. A total of 40 Wistar albino male rats weighing 220--235 g were used in the experiment. Before initiation of the experiment, animals were housed and fed in groups (n=10 in each) in the pharmacology laboratory at normal room temperature (22°C). The study was conducted in Ataturk University Experimental Studies and Research Center, Erzurum. The experimental procedure was approved by the Committee for Animal Research of Ataturk University, Erzurum. This study was carried out in accordance with international guidelines on the ethical use of animals (Ethics Committee no.: 29.01.2016/24).

Chemical agents
---------------

The chemical agents used in the experiment were as follows: MTX from Med-Ilac, Istanbul, Turkey; thiopental sodium from I. E. Ulagay, Istanbul, Turkey; and HRE from Karen Bilim, Turkey.

Experimental procedures
-----------------------

Experimental animals were divided into the following groups: a healthy group (HG), an HRE+MTX (HREM) group, HRE group (HREG), and a control group that received MTX (MTXG). The HREM and HREG groups of rats (n=10) was administered 50 mg/kg HRE, while the MTXG (n=10) and HG (n=10) groups were given an equal volume of distilled water with gavage. Then HREM and MTXG rat groups were given oral MTX at a dose of 5 mg/kg 1 hour after HRE and distilled water was administered. This procedure was repeated for 1 month. At the end of this period, all the animals were sacrificed with a high dose of anesthesia after measuring the weight of all animals. Then, the amounts of MDA and tGSH were determined in the removed oropharyngeal tissues. In addition, IL-1β and TNF-α gene expressions were measured, and all the tissues were histopathologically studied.

Biochemical analyses
--------------------

### MDA analysis

According to the method defined by Ohkawa et al. \[[@b19-ceo-2016-00262]\], MDA forms a pink complex with thiobarbi-turic acid (TBA) at 95°C, which can be measured using spectrophotometry at a wavelength of 532 nm. In the experiment, 0.1 mL of homogenate was added to a solution containing 0.1 mL of 8.1% sodium dodecyl sulfate (SDS), 1.5 mL of 20% acetic acid (Merck, Darmstadt, Germany), 1.5 mL of 0.9% TBA (Sigma-Aldrich, Schnelldorf, Germany), and 0.3 mL of DH2O. The mixture was incubated at 95°C for 1 hour. Upon cooling, 5 mL of n-butanol: pyridine (v/v, 15:1; Merck) was added. The mixture was vortexed for 1 minute and centrifuged for 30 minutes at 4,000 rpm. The absorbance of the 0.15 mL supernatant was measured at 532 nm by spectrophotometry. The standard curve was obtained using 1,1,3,3-tetramethoxypropane (Sigma-Aldrich).

### tGSH analysis

According to the method defined by Sedlak and Lindsay \[[@b20-ceo-2016-00262]\] 5,5´-dithiobis (2-nitrobenzoic acid) (DTNB) disulfite is chromogenic in the medium, and DTNB is reduced easily by sulfhydryl groups. The yellow color produced during the reduction is measured by spectrophotometry at 412 nm. For measurement, a cocktail solution (5.85 mL of 100 mM Na phosphate buffer, 2.8 mL of 1 mM DTNB \[Sigma-Aldrich\], 3.75 mL of 1 mM nicotinamide adenine dinucleotide phosphate \[NADPH; Sigma-Aldrich\], and 80 μL of 625 U/L glutathione reductase \[Sigma-Aldrich\]) was prepared. Before measurement, 0.1 mL of meta-phosphoric acid (Sigma-Aldrich) was added onto 0.1 mL of homogenate and centrifuged for 2 minutes at 2,000 rpm for deproteinization. A 0.15-mL cocktail solution was added onto 50 μL of supernatant. The standard curve was obtained by using GSSG (Sigma-Aldrich).

### Gene expression of IL-1β and TNF-α

**RNA isolation:** RNA was isolated from the homogenized oral tissue samples using a Roche Magna Pure Compact LC device (Roche Diagnostics, Mannheim, Germany) with a MagNAMagNA Pure LC RNA Kit (Roche Diagnostics). The quantity and quality of the isolated RNA was assessed with a nucleic acid measurement device (MaestroNano, Las Vegas, NV, USA). Then, 50 μL of RNA samples was stored at --80°C.

**cDNA synthesis:** cDNA was synthesized from the isolated RNA samples using the Transcriptor First Strand cDNA synthesis kit (Roche Diagnostics). For each subject, 1 μL of ddH2O, 10 μL RNA, and 2 μL of Random Primer were combined and incubated in a Thermal Cycler for 10 minutes at 65°C. After incubation, 4 μL of reaction buffer, 0.5 μL of RNAase, 2 μL of Deoxynucleotide Mix, and 0.5 μL of reverse transcriptase were added, and the reactions were incubated at 10 minutes at 25°C, 30 minutes at 55°C, and 5 minutes at 85°C, then held at 4°C.

**Quantitative gene expression evaluation by real-time quantitative polymerase chain reaction (RT-qPCR):** For each cDNA sample, gene expression of myeloperoxidase (MPO) and the reference gene (G6PD) was analyzed using the Roche Light Cycler 480 II Real-Time PCR instrument (Roche Diagnostics). Polymerase chain reaction (PCR) reactions were carried out in a final volume of 20 μL with the following ingredients: 5 μL of cDNA, 3 μL of distilled water, 10 μL of Light Cycler 480 Probes Master (Roche Diagnostics), and 2 μL of primer-probe set (Real-Time Ready single assay, Roche Diagnostics). Cycle conditions of the relative quantitative PCR (qPCR) were as follows: preincubation at 95°C for 10 minutes, followed by 45 amplification cycles of 95°C for 10 seconds, 6°C for 30 seconds, and 72°C for 1 second, followed by cooling at 40°C for 30 seconds. qPCR analysis and calculation of quantification cycle (Cq) values for relative quantification were performed using the Light Cycler 480 Software, ver. 1.5 (Roche Diagnostics). Relative quantitative amounts were calculated by dividing the target genes by the expression level of the reference gene. The reference gene was used for the normalization of target gene expression.

Histopathological examination
-----------------------------

The oropharyngeal tissues removed from the rats were fixed in 10% formalin solution for 24 hours. Following routine tissue processing, paraffin blocks were cut into 4 µm thick sections, which were then stained with hematoxylin and eosin (H&E). All of the sections were evaluated by a pathologist who was blinded to the treatment protocols using an optic microscope (Olympus BX 52, Olympus, Tokyo, Japan).

Statistical analysis
--------------------

Statistical analyses were carried out using the IBM SPSS ver. 22.0 (IBM Co., Armonk, NY, USA). Descriptive statistics for each variable were determined. The significance of differences between the groups was determined using the one-way analysis of variance (ANOVA) test followed by Fisher post hoc least significant differences (LSD) analysis. A *P*-value less than 0.05 was considered significant.

RESULTS
=======

The weight animal
-----------------

Pre-experiment weights of animals in MTXG, HREM, HREG, and HG groups were found as 232±3.5 g, 229±3.8 g, 225±3.3 g, and 227±3.3 g, respectively. However, at the end of the experiment the weight of animals in MTXG dropped to 221±3.8 g, while weight of animals in HREM, HREG, and HG groups raised to 241±4.2 g, 247±4.5 g, and 243±4.6 g, respectively. This indicates that, the mean weight of animals in MTXG group was decreased by 11 g and the mean weights of animals in HREM, HREG, and HG groups were increased by 12, 22, and 16 g, respectively.

Biochemical results
-------------------

As seen in [Fig. 1](#f1-ceo-2016-00262){ref-type="fig"}, the amount of MDA was 9.1±0.8 nmol/mL in oropharyngeal tissues of the animals administered MTX, while the MDA amounts were similar in the HREM and HREG groups (2.6±0.6 nmol/mL and 2.1±0.3 nmol/mL) and healthy (2.8±0.3 nmol/mL) groups. The amount of MDA was significantly increased in the MTXG rat group compared to the HREM, HREG, and HG groups (*P*\<0.001). MTX significantly decreased the amount of tGSH in the MTXG group (1.6±0.3 mg/L) compared to the HREM, HREG, and HG groups (*P*\<0.001), while the amount of tGSH was found to be significantly higher in the HREM group (11.8±2.3 mg/L, 12.3±1.9 mg/L) compared to the HG group (9.2±0.5 mg/L; *P*\<0.01) ([Fig. 2](#f2-ceo-2016-00262){ref-type="fig"}).

Gene expression results
-----------------------

MTX raised IL-1β gene expression to 7.0±1.0 in the oropharyngeal tissue of the MTXG group, while these values were found to be 2.6±0.2, 1.9±0.4, and 2.2±0.2 in the HREM, HREG, and HG groups, respectively. IL-1β gene expression in the MTXG group was found to be significantly increased (*P*\<0.001) compared to the HREM, HREG, and HG groups ([Fig. 3](#f3-ceo-2016-00262){ref-type="fig"}). TNF-α gene expression value was found as 5.7±0.9 in the MTXG group, 2.2±0.2 in the HREM group, 1.8±0.8 in the HREG and 2.1±0.3 in the HG group. Statistical analysis shows that TNF-α gene expression was significantly raised in MTX (*P*\<0.001) compared to HREM, HREG, and HG ([Fig. 3](#f3-ceo-2016-00262){ref-type="fig"}).

Histopathological results
-------------------------

[Fig. 4](#f4-ceo-2016-00262){ref-type="fig"} illustrates the normal histopathological appearance of the oropharyngeal tissue in the HG group. However, there were mucin pools in wide areas (star) in the group administered MTX ([Fig. 5A](#f5-ceo-2016-00262){ref-type="fig"}), and proliferated, dilated, and congested blood vessels were observed in some areas ([Fig. 5B](#f5-ceo-2016-00262){ref-type="fig"}). Again, dilated ductal structures were observed in the oropharyngeal tissue of the MTXG group ([Fig. 5C](#f5-ceo-2016-00262){ref-type="fig"}). Additionally, an inflamed area containing marked polymorphonuclear leukocytes (PNL) infiltration was found in the oropharynx which was treated with MTX ([Fig. 5D](#f5-ceo-2016-00262){ref-type="fig"}). The oropharyngeal tissue of the rats treated with HRE resembled healthy tissue ([Fig. 6](#f6-ceo-2016-00262){ref-type="fig"}). No pathological findings were found in the oropharyngeal tissue of HREG animals administered HRE alone ([Fig. 7](#f7-ceo-2016-00262){ref-type="fig"}).

DISCUSSION
==========

Oropharyngeal mucositis is a critical complication causing discontinuation of chemotherapy, negatively affecting quality of life, and increasing the cost of care \[[@b9-ceo-2016-00262]\]. In the present study, the effect of HRE on oropharyngeal mucositis induced in rats with MTX was investigated and evaluated through biochemical, gene expression, and histopathological examinations. The biochemical results of the experiment indicated that the amount of MDA was increased and the amount of tGSH was decreased in the rats administered MTX compared to the HREM, HREG, and HG groups. MDA is known to be an oxidant and GSH is an antioxidant agent \[[@b21-ceo-2016-00262]\]. It was seen in our experimental results that oxidant/antioxidant balance changed in favor of oxidants in the oropharyngeal tissue of the animals administered MTX. Meanwhile, this balance was maintained with the superiority of antioxidants in physiological conditions \[[@b22-ceo-2016-00262]\]. The change of this balance in favor of oxidants leads to tissue damage that is termed oxidative stress \[[@b23-ceo-2016-00262]\]. This indicates that oxidant/antioxidant balance is an important indicator in evaluating whether tissue damage has occurred \[[@b24-ceo-2016-00262]\]. No information was found in the literature to suggest that MTX increases MDA and decreases tGSH in the oropharyngeal tissue. However, the role of reactive oxygen species has been shown in the etiopathogenesis of mucositis related to MTX \[[@b12-ceo-2016-00262]\]. MTX causes a decrease in intracellular NADPH by inhibiting cytosolic nicotinamide adenine phosphate dehydrogenase (NADPDH) and NADP-dependent malic enzyme; NADPH is required for the glutathione reductase (GSSG-R) enzyme, which provides continuity of reduced glutathione-a cytosolic antioxidant. Therefore, MTX therapy results in decreased effectiveness of the antioxidant defense system that protects the cells against reactive oxygen radicals \[[@b25-ceo-2016-00262]\]. Recent studies have underlined that MTX increases the amount of MDA and decreases the amount of tGSH in the intestinal mucosal tissue \[[@b26-ceo-2016-00262]\]. Information obtained from the literature and our experimental results indicates that oxidative stress developed in the oropharyngeal tissue of the animals given MTX.

In the current study, we found significant increases in IL-1β and TNF-α gene expression in the MTXG group, in which MDA was increased and tGSH was decreased. Logan and colleagues demonstrated that IL-1β and TNF-α are increased in mucositis related to MTX and other chemotherapy medications \[[@b27-ceo-2016-00262]\]. de Araujo et al. \[[@b28-ceo-2016-00262]\] stated that inflammation was developed in an MTX mucositis model where proinflammatory cytokines, such as IL-1β and TNF-α, were implicated. This information suggests that inflammation and oxidative stress developed due to MTX in the oropharyngeal tissue in our study. The levels of both oxidants and proinflammatory cytokines, such as IL-1β and TNF-α, were found to be significantly lower in the oropharyngeal tissue of the rats treated with HRE than in the animals administered MTX. The protection of oropharyngeal tissue by HRE against MTX might be have resulted from the antioxidant, anti-ulcerogenic, anti-inflammatory, antimicrobial, and proinflammatory cytokine antagonist characteristics of HRE, as mentioned above \[[@b16-ceo-2016-00262],[@b18-ceo-2016-00262]\]. As is known, *H. rhamnoides* fruit contains different rates of carotenes α, β, and γ. β-Carotene has been proven to have protective effect against the development of mucositis in cancer patients receiving chemotherapy \[[@b29-ceo-2016-00262]\]. HRE has been reported to protect gastric tissue against oxidative damage via MTX by preventing the increase of MDA and decrease of tGSH in the gastric tissue \[[@b30-ceo-2016-00262]\]. *H. rhamnoides* fruits have been reported to contain carotenes, fatty acids, and many water- and fat-soluble vitamins that have antioxidant, anti-inflammatory, and antiulcer IL-1β and TNF-α antagonist features \[[@b31-ceo-2016-00262]\].

In this study, there were no visible ulcers in the animal group in which the levels of MDA, IL-1β, and TNF-α were high and the level of tGSH was low. However, histopathological examination revealed mucin pools in wide areas due to ruptured oropharynx glands, and proliferated, dilated, and congested blood vessels, dilated ductal structures and marked inflammation accompanying by the infiltration of PNL in some areas. The low levels of MDA, IL-1β, and TNF-α and the high level of tGSH in the oropharyngeal tissue of the animals treated with HRE were consistent with the histopathological findings.

In conclusion, MTX produced oxidative stress in the oropharyngeal tissue, while HRE prevented oropharyngeal oxidative damage induced by MTX. None of the pathological findings observed in the oropharyngeal tissue of the animals in MTXG were found in the rats in the HREM group. As an inexpensive and natural product, HRE has important advantages in the prevention of oropharyngeal damage induced by MTX.

HIGHLIGHTS
==========

▪ Ettect of *Hippophae rhammoides* extract (HRE) on oropharyngeal mucositis was examined.

▪ Biochemical and histological examinations revealed less injury in the HRE group compared to control.

▪ HRE protected oropharyngeal oxidative damage induced by methotrexate.
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